Recent research has highlighted the importance of agricultural cooperatives on farm production. Although the consensus from the literature suggests that participating in these organizations significantly affects farm production, there is inconclusive evidence on whether this effect is positive or negative. Moreover, previous studies solely focus on the magnitude of this effect and fail to explain the mechanism behind it. This study contributes to this knowledge gap by estimating the impact of agricultural cooperatives on farm profits. To do this, we apply the causal mediation analysis to explain the potential mechanism behind this relationship. Using a nationally representative survey of farm households from Taiwan in 2013, we find that participating in cooperatives increases farm profits. Furthermore, this effect is more pronounced for producers with higher profits. Concerning the mechanism, we find that the use of food labels accounts for approximately 15 to 28% of the total effect of cooperative participation on farm profits.
Introduction
Agricultural cooperatives are essential organizations for farm households in both developed and developing markets and have been perceived by policymakers as important institutions that increase economic welfare. In 2017, the U.S. Department of Agriculture reported that 1871 cooperatives with nearly 2 million members were responsible for $197 billion in sales [1] . Similarly, rural villages in Africa reported having at least one local agricultural cooperative [2] . One principal reason for the widespread ubiquity of these institutions is attributable to their impacts on farm profits. Agricultural cooperatives are structured to assist farmers in marketing their products and disseminating invaluable knowledge, services, and technologies [3] . Moreover, organized farm producers can access greater bargaining power and enjoy economies of scale in logistics and marketing by collectively pooling their resources [4] . Thus, cooperatives play an integral role in the long-run sustainability of the agri-food value chain by potentially increasing the financial viability and solvency of farms.
One of the primary channels through which cooperative membership can increase farm profits involves minimizing information asymmetries [4] . In many countries, a critical function of cooperatives includes facilitating the adoption of food safety certifications and labels amongst farmers. Snider et al. [5] found that cooperatives encourage the adoption of voluntary certifications in the Costa Rican coffee industry through non-financial incentives, such as the teaching of farm management practices. Jin and Zhou [6] observe that vegetable cooperatives (based on size, perception of standard, reputation, products and locations. Our study includes farmers producing a variety of different commodities, allowing us to draw broader conclusions about cooperatives and farm profitability.
Finally, we provide insight into the mechanism behind the evident effect of agricultural cooperatives by applying the causal mediation analysis, which represents an empirical departure from prior relevant studies. While much of the literature has employed the propensity score matching technique, one notorious shortcoming of these specifications is their inability to explain why cooperatives impact farm performance. The causal mediation analysis distinguishes between the direct and indirect effects of agricultural cooperatives, allowing us to identify how these institutions affect farm profitability. To the best of our knowledge, we are the first to apply the mediation analysis to the topic of farm profitability.
The remainder of this paper is organized as follows. The next section provides background on agricultural cooperatives in Taiwan. We then follow with a description of the data used in this study. Next, we present the econometric model and empirical results. Finally, we conclude with a discussion of policy implications and summary.
Background of the Agricultural Cooperatives and the Food Label Certification System in Taiwan
Agriculture is an important sector of the Taiwanese economy, with production totaling 6.9 million tons per year on roughly 799,000 hectares of arable land accounting for nearly 2% of GDP [16, 17] . The average yearly production of each agricultural commodity and their respective size of cultivation are rice: 1,732,000 tons, 271,000 hectares; coarse grain: 492,000 tons, 70,000 hectares; special crops: 601,000 tons, 32,000 hectares; fruits: 2.7 million tons, 185,000 hectares; vegetables: 2,823,000 tons, 146,000 hectares; floriculture: 2,923,000 tons, 146,000 hectares; and pasture grass: 944,000 tons, 15,000 hectares [16] .
Taiwan has an extensive history of depending on cooperatives to mitigate agricultural problems. Since their establishment in 1900, agricultural cooperatives (also known as farmers' associations) have served as multi-purpose groups that assist producers with their farming, financial, and marketing concerns [18] . Specifically, the primary functions that these institutions supply include marketing, agricultural extension, credit, insurance, and information services [19] .
Farmers' associations in Taiwan are segregated into three distinct levels: provincial (2), city (21) , and township (280) organizations [19] . Recent government official data from the National Farmers' Association shows that farmers' associations have 903,061 associated members and 2191 groups producing an assortment of commodities such as rice, fruits, vegetables, and livestock [20] . Cooperatives at the township level are composed of smaller units known as agricultural affair teams, with one for each village [19] . The National Farmers' Association legally recognizes agricultural affair teams, and they serve as a bridge between the establishment and its members. They also disseminate information and serve as mediating parties during elections. City associations provide supervision and technical assistance to townships while provincial associations audit, train, and coordinate all lower units [19] .
An essential function of farmers' associations is their assistance in facilitating the adoption of food labels. This support is especially important in Taiwan, where many farmers would be unable to attain these certifications as they are older, less educated, and engage in off-farm labor. In 2004, the Council of Agriculture (COA) launched the Taiwan Good Agricultural Practices (TGAP) produce labeling system to improve the safety and quality of fruits, vegetables, and other commodities [21, 22] . The TGAP functions as both an inspection and certification program that establishes sanitary management practices and transparent financial and sourcing records [21] . Generally speaking, TGAP involves both food traceability and eco-labeling systems [21] . All certified TGAP products carry certification insignia for quick identification and are guaranteed to be safe and of high-quality by the COA.
The TGAP system is the most significant food traceability program in Taiwan. Accordingly, the Council of Agriculture (COA) developed the TGAP system to follow international standards such as the Global Food Safety Initiatives (GFSI), and has encouraged participation amongst producers [23] . Recent official statistics show that the number of certified TGAP entities (either individuals or groups) has increased from 1100 in 2008 to 10,069 in 2019. Amongst these entities, they are categorized as agricultural (8834), aquaculture (719), livestock (258), poultry (124), and processed products (134) producers [23] . Opting in to the TGAP system involves additional costs and commitments from producers. Each applicant is required to pay an application fee, which varies with the type of agricultural commodity being produced [21] . Furthermore, complying with the regulations of the TGAP generates internal tolls on producers. For example, farmers are required to document production information such as seed varieties, harvesting, processing, transportation, and storage methods that are unlikely to have otherwise been recorded [21] .
However, producers have many incentives to partake in the TGAP system. The COA has undertaken several initiatives to promote these labeled products, including adopting double packaging standards to supply produce auction markets in major cities and unique displays in supermarkets for product distinguishability [22] . As of December 2010, the total annual trading volume of TGAP goods was 17,660 metric tons, with a roughly 20% higher trading price compared to non-certified produce [22] . These price differentials suggest that producers can benefit from the retail premiums generated through the TGAP system.
Data
The dataset used in this study was drawn from the 2013 Main Farm Households Survey (MFHS) in Taiwan [24] . This survey selects farm households whose annual gross income from agriculture is more than NTD $200,000, meaning that this dataset consists of full-time farmers [24] . In this survey, 10,000 farms were chosen using a sampling weight method to ensure that the selected farms are representative of the overall farm population in Taiwan. Each selected farm was then interviewed face-to-face by officers of the local farm station. In general, the information contained in the dataset includes farm household and farm production characteristics. After deleting observations with missing values, the sample used in our empirical analysis consists of 9946 family farms. To begin, we define a continuous variable for farm profitability as the revenue from selling farm products minus the cost of farm inputs. We also create a binary variable to indicate whether a farm used food labels on their products. Similar to the empirical specifications of prior studies, we generate several categories of explanatory variables based on the literature studying cooperatives and farm performance [8, 14] . These variables include age, gender, and educational attainment of the farm operator. Another continuous variable accounting for farming experience is also specified. With respect to family structures, a continuous variable was defined to account for the total number of family members in each household. The size of farmland is also captured with another continuous variable. Farms are also categorized into different sectors depending on the product that they produce, such as rice, vegetables, fruit, livestock, and other crops. Finally, we control for regional heterogeneity by using four geographic dummy variables.
Detailed definitions and sample statistics of all explanatory variables are presented in Table 1 . As shown in Table 1 , 3853 (39%) farm operators are members of agricultural cooperatives. This number reflects the significance of farmers' associations in Taiwan, as many farmers are smallholders who rely on these unions for vital agricultural and financial services. Summary statistics also suggest that farms participating in cooperatives are more profitable and more likely to use food labels. On average, farmers who engage with these associations observe farm profits of NTD $0.911 million and 32.2% of them use food labels. Non-participants have farm profits of NTD $0.536 million, and only 2.9% of them use food labels. Similarly, farmers that are members of cooperatives have larger farms. The average farm size of participants is 1.95 hectares, compared to their counterparts who cultivate 1.53 hectares of farmland. Participants also have a higher ratio of household members working on the farm and tend to produce fruit. 
Econometric Model

The Treatment Effect Model
The first part of our empirical analysis estimates the effect of participating in agricultural cooperatives on farm profit. We apply the treatment effect model proposed by Cattaneo [15] . The estimation of the model proceeds in the following two steps. First, we calculate the probability of participating in cooperatives using the binary logit model. If we define a discrete choice variable (j) whose value is 1 for farms participating in cooperatives (=0 otherwise), then the probability of cooperative participation is specified as:
where p is the probability of the farm participating in cooperatives, X is a vector of explanatory variables associated with farm profit, and β j are the estimated parameters. Consistent estimates are obtained using the full-information maximum likelihood estimation method (MLE). With consistent estimates of the model, we can then calculate the predicted probability of cooperative participation. The second step estimates the farm profit equation. Assuming Y j is farm profits, D j is an indicator denoting whether a farm participates in cooperatives, and X is a vector of covariates, then the farm profit equation can be specified as:
where α, β 1 , γ are the estimated parameters, and ε is the random error term. In Equation (2), the inverse probability 1/p is used as the sampling weight. Thus, parameter γ forms the average treatment effect of the farm participating in agricultural cooperatives (see Cattaneo [15] for more technical details of the model).
The Causal Mediation Analysis
Given the evident treatment effects of cooperative participation on farm profits, our next question is to discuss the potential pathway or mediator responsible for this effect. To provide insight into this Sustainability 2019, 11, 4987 6 of 12 question, we use the causal mediation analysis proposed by Imai et al. [25] . This empirical strategy identifies the causal process in which a treatment variable affects an outcome of interest through an intermediate variable (or mediator) that lies on the pathway between the treatment and outcome variables. Thus, the causal mediation analysis allows us to decompose the total average effect as the sum of the indirect (mediation) and direct effect. The indirect (mediation) effect represents the hypothesized causal mechanism through which the intermediate variable impacts the outcome, while the direct effect accounts for all other mechanisms [25] . In this study, the treatment variable is the participation in cooperatives, while the outcome is farm profitability. The intermediate variable is the use of food labels on farm products. Figure 1 depicts the structure of the mediation model, identifying the two channels through which cooperative participation can impact farm profits.
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Given the evident treatment effects of cooperative participation on farm profits, our next question is to discuss the potential pathway or mediator responsible for this effect. To provide insight into this question, we use the causal mediation analysis proposed by Imai et al. [25] . This empirical strategy identifies the causal process in which a treatment variable affects an outcome of interest through an intermediate variable (or mediator) that lies on the pathway between the treatment and outcome variables. Thus, the causal mediation analysis allows us to decompose the total average effect as the sum of the indirect (mediation) and direct effect. The indirect (mediation) effect represents the hypothesized causal mechanism through which the intermediate variable impacts the outcome, while the direct effect accounts for all other mechanisms [25] . In this study, the treatment variable is the participation in cooperatives, while the outcome is farm profitability. The intermediate variable is the use of food labels on farm products. Figure 1 depicts the structure of the mediation model, identifying the two channels through which cooperative participation can impact farm profits. We use food label certifications as the mediator variable based on the literature examining the role of agricultural cooperatives in the adoption of voluntary standards, in addition to data considerations. Prior research has shown that cooperatives increase the probability of producers engaging in both specialty markets and certifications. For example, Wollni and Zeller [26] find that Costa Rican coffee cooperatives positively affect the likelihood that a farmer chooses to grow specialty coffee by 24% and received prices by USD $0.09/lb. Similarly, Pinto et al. [27] note that cooperatives and producer associations increase the accessibility of socioenvironmental certifications for small and medium coffee producers in Brazil, compared to individual certifications. Our analysis examines food label certifications because of the empirical evidence demonstrating that cooperatives reduce information asymmetries, as many producers are unable to apply these practices without this support [5] . Thus, using food label certifications as the mediator variable allows us to quantify one of the principal ways through which cooperatives can affect their members.
Next, we formally introduce the causal mediation analysis proposed by Imai et al. [25] . Let M(D) denote the potential value of using food labels for the participating farm with D = 0 or 1. Letting Y denote farm profit, the total treatment effect can be expressed as TE = ∆ 1, (1) − ∆ (0, (0)). The indirect (mediation) effect is defined as ME = ∆ , (1) − ∆ ( , (0)) for D = 0, 1. The indirect effect equation represents the difference in farm profit if there is a change in the use of food labels from the value under the control condition (M(0)) to the value under the treatment condition (M(1)), holding participation in cooperatives as constant. By keeping the treatment as constant and only varying the mediator, we can eliminate all other causal variables and isolate the hypothesized mechanism. If the treatment does not influence the mediator, then M(1) = M(0) and the causal mediation effects will equal zero. Similarly, the direct effects for farm i can be defined as ( ) ≡ ∆ 1, ( ) − ∆ 0, ( ) for D = 0, 1. The direct effect equation represents the difference in outcome if there is a change in We use food label certifications as the mediator variable based on the literature examining the role of agricultural cooperatives in the adoption of voluntary standards, in addition to data considerations. Prior research has shown that cooperatives increase the probability of producers engaging in both specialty markets and certifications. For example, Wollni and Zeller [26] find that Costa Rican coffee cooperatives positively affect the likelihood that a farmer chooses to grow specialty coffee by 24% and received prices by USD $0.09/lb. Similarly, Pinto et al. [27] note that cooperatives and producer associations increase the accessibility of socioenvironmental certifications for small and medium coffee producers in Brazil, compared to individual certifications. Our analysis examines food label certifications because of the empirical evidence demonstrating that cooperatives reduce information asymmetries, as many producers are unable to apply these practices without this support [5] . Thus, using food label certifications as the mediator variable allows us to quantify one of the principal ways through which cooperatives can affect their members.
Next, we formally introduce the causal mediation analysis proposed by Imai et al. [25] . Let M(D) denote the potential value of using food labels for the participating farm with D = 0 or 1. Letting Y denote farm profit, the total treatment effect can be expressed as TE = ∆Y(1, M(1)) − ∆Y (0, M(0)). The indirect (mediation) effect is defined as ME = ∆Y(D, M(1)) − ∆Y(D, M(0)) for D = 0, 1. The indirect effect equation represents the difference in farm profit if there is a change in the use of food labels from the value under the control condition (M(0)) to the value under the treatment condition (M(1)), holding participation in cooperatives as constant. By keeping the treatment as constant and only varying the mediator, we can eliminate all other causal variables and isolate the hypothesized mechanism. If the treatment does not influence the mediator, then M(1) = M(0) and the causal mediation effects will equal zero.
Similarly, the direct effects for farm i can be defined as ϕ(D) ≡ ∆Y i (1, M(D)) − ∆Y i (0, M(D)) for D = 0, 1. The direct effect equation represents the difference in outcome if there is a change in treatment status from D = 0 to D = 1, holding the mediator value as constant. In summary, the direct and indirect (mediation) effects sum to the total causal effect of cooperatives. We follow this method proposed by Imai et al. [25] to calculate the total treatment, mediation, and direct effects, respectively. We then report the mediation and direct effects as a percentage of the total treatment effect.
Empirical Results
The Determinants of Cooperative Participation
The results of the binary logit model are reported in Table 2 . Along with the estimated coefficients, the marginal effects that measure the change per unit in the explanatory variables on the probability of cooperative participation are also shown. As seen in Table 2 , socio-demographic, farm production, and family characteristics are significantly associated with the likelihood of engaging in agricultural cooperatives. With respect to human capital, the results indicate that a one-year increase in the age of the farm operator decreases the likelihood of participation in cooperatives by 0.5 percentage points, ceteris paribus. This finding differs from Fischer and Qaim [10] and Mojo et al. [12] , likely because older farmers in Taiwan are less educated than their younger counterparts. There are also differences in engagement based on gender, as male farm operators are more likely to be members of cooperatives by 7.7 percentage points. While prior studies have not found gender bias in cooperative membership, one explanation is that the preceding literature focuses on crops such as banana and coffee, which are particularly accessible for females [10, 12] . The educational attainment of the farm operator is also a significant variable. Results show that farm operators who have finished senior high school are 5.9 percentage points more likely to be members of cooperatives compared to their counterparts with only primary education, consistent with Verhofstadt and Maertens [11] , and Mojo et al. [12] . Farmers with greater levels of educational attainment are more likely to be aware of the potential benefits of cooperatives.
Farm production and family characteristics also impact the decision to engage with cooperatives. A one additional hectare increase in the size of farmland increase the propensity of engagement by 1.9 percentage points, ceteris paribus. This finding is in line with the literature, as farmers who are better-off have more resources to dedicate towards becoming a member [7, 9, 10, 13] . As expected, having more household members working on the farm also increases cooperative membership, since these farms have a larger labor force [9, 11] . Differences in participation across farm types are also observable. Compared to livestock farms, producers growing rice, vegetables, and other crops are less likely to Sustainability 2019, 11, 4987 8 of 12 engage with cooperatives by 18.8, 6.2, and 5.1 percentage points, respectively. The magnitude of the effects are approximately equal to 49, 16, and 13 percent when these values are evaluated at the sample average of the participation rate in agricultural cooperatives (see Table 1 ). Finally, regional disparities are also found to impact cooperative membership. Farms in the west, east, and southern portions of Taiwan are less likely to participate in cooperatives compared to those in the north by 12.6, 12.5, and 17.5 percentage points, respectively. The magnitude of the effects are approximately equal to 32, 32, and 45 percent when these values are evaluated at the sample average of the participation rate in agricultural cooperatives.
Results of the Treatment Effect and Mediation Analysis
Based on estimates of the binary logit model, we calculated the probability of each farm engaging with cooperatives. Next, we use the inverse probability as the sampling weight to estimate the farm profit equation. The estimation results of the treatment effect model are summarized in Panel A of Table 3 . We calculate both the mean and quantiles of the farm profit distribution. Our results show that members of cooperatives receive higher farm profits of NTD $0.162 million compared to non-participants. However, the treatment effects are heterogeneous as they become more pronounced at the upper ends of the profit distribution. These findings are in accordance with the ones found in Verhofstadt and Maertens [11] and Shumeta and D'Haese [13] . Compared to non-participants, farms that engage with cooperatives have higher profits of NTD $0.059, $0.113, and $0.229 million at the 0.25, 0.5, and 0.75 quantiles of the farm profit distribution, respectively. One particular reason for these findings is that larger farms are more likely and capable of adopting food label certifications due to their ability to create economies of scale. These production advantages are especially important for cooperative membership, as many of these organizations establish entry barriers such as minimum land and labor force requirements [7, 8, 28] . Additionally, larger farms usually receive more assistance from cooperatives. For example, Snider et al. [5] note that cooperatives prefer to certify larger farms to maximize output while reducing the number of issued certifications. Therefore, the effect of agricultural cooperatives on farm profit is more pronounced amongst larger farms. The decomposition of the treatment effects into the indirect (mediation) and the direct effect are reported in Panel B of Table 3 . At the mean level of farm profit, the mediation and direct effect account for 14.6% and 85.4% of the total treatment effect, respectively. That is, the use of food labels can explain approximately 15% of the total effects of participating in agricultural cooperatives on farm profits. These findings are robust across the entire distribution of farm profit. For example, at the 0.75 percentile, the mediation effect accounts for 28.5% of the total effect.
Discussion and Policy Implications
The findings of this study explain several patterns related to agricultural cooperatives and food labels for a significant number of markets. Many agricultural authorities and international organizations have provided legal frameworks and financial subsidies to support the establishment of cooperatives to alleviate farm performance concerns [29] . Our results indicate that cooperatives increase farm profitability and that an important mechanism behind this evident effect is the adoption of food labels by producers.
Our results have policy implications that are particularly important for farms in developed countries. Agricultural authorities in industrialized countries have been increasingly concerned with decreasing farm profits due to the fluctuating price dynamics that are present in agriculture [30] . In Taiwan, the Council of Agriculture (COA) and the democratically-elected Legislative Yuan (parliament) are actively trying to increase farm profitability since nearly 5% of the labor force is employed in agriculture [17] . We show that cooperatives can enhance farm performance in these precise markets, even though they are viewed as a more salient organization for developing markets since cooperatives support farmers in accessing agronomic inputs, financial capital, and markets [4] . For example, organizations such as the Ghana Cooperative Council (GCC) and the Indian Farmers Fertilizer Cooperative (IFFCO) are crucial for agricultural development as members of the International Cooperatives Alliance [31] . Our findings suggest that in countries where these barriers are less significant, agricultural authorities should still foster the growth and development of these institutions and encourage farmers to engage with them.
This analysis also suggests that governments can increase farm performance by facilitating the adoption of food labels amongst producers. In many regions, the process of applying for specialty certifications and labels is extensive. For example, to receive the TGAP insignia for their products, Taiwanese farmers must navigate a lengthy procedure that includes a paid application, written review, site audit, production inspection, and additional verification.
Cooperatives support farmers applying for food certifications and labels across two primary dimensions. First, cooperatives provide technical assistance in managing the human resource costs associated with these standards, such as farm visits, training, and recordkeeping [5] . Second, cooperatives subsidize many of the economic burdens instigated by these optional practices, including application fees and the hiring of employees [5] . An additional policy implication of our results suggests that authorities should establish educational and technical assistance programs that ease the strain of obtaining food certifications and labels. These initiatives would continue to facilitate the adoption of these voluntary practices amongst cooperatives and non-member farmers.
Given these findings, our results suggest that policymakers should encourage agricultural cooperatives to continually reduce information asymmetries. For example, because farmers are often older and less educated, cooperatives can establish outreach activities to visit farms and provide them with relevant information. One example of a successful model includes the Almería Agricultural Cooperatives in Southwest Spain [32] . These cooperatives function as a market and non-market coordination mechanism for both individuals and local institutions, such as contributing to knowledge systems related to farm labor and employing agricultural technicians to reduce the usage of pesticides [32] . Similarly, many food certifications also require environmentally friendly production practices, such as organic farming. Agricultural cooperatives and policymakers can work in tandem to provide relevant information such as where to purchase seeds and which agronomic inputs should be used on farm production. Finally, we provide additional evidence justifying the long-run sustainability of agricultural cooperatives. Recent literature has studied the enduring survivability of these organizations based on institutional theories, organizational adaptions, and social capital [33] [34] [35] . We argue that farm profitability is an especially useful proxy for sustainability, as it is a static indicator that considers both revenues and costs for producers. A straightforward policy implication of our results suggests that agricultural authorities should support cooperatives and the adoption of food certifications and labels to ensure the longevity of farms.
Conclusions
This paper studies the effect of agricultural cooperatives on farm profitability. While there is a substantial amount of literature on this topic, our study makes several contributions to the research. First, we used a large nationally representative sample of farm households producing multiple types of agricultural commodities. Second, we examined the impact of cooperatives using data from a high-income industrialized country. And finally, we estimated the causal mediation analysis and identified the mechanism behind these treatment effects. Our findings have shown that participating in cooperatives increases farm profits and that this effect is more pronounced at the upper ends of the profit distribution. Furthermore, profit differentials across participants and non-participants of cooperatives are indirectly attributable to the adoption of food label certifications.
These findings have two main policy implications. We show that agricultural authorities should facilitate the development and participation in cooperatives based on their impact on farm profitability. Additionally, policymakers should establish programs that promote the adoption of food label certifications amongst cooperative members and their non-member counterparts.
Some limitations of our study include the fact that we are only able to empirically identify one intermediate variable through which cooperatives affect farm profitability based on the information in our dataset. Further research could apply similar estimation strategies and identify other mediators that impact farm performance, such as subsidy programs for the land purchases of beginning farmers. Similarly, future research could use panel data to examine the long-term effect of agricultural cooperatives on farm profits and farm sustainability. Our study also has the limitation of only using a single indicator of farm performance. Future research examining the relationship between agricultural cooperatives, the adoption of voluntary practices, and farm performance would be insightful.
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